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Description 

[0001] The present invention relates to a process 
for the alkylation of benzene with the alkylating agent 
isopropanol (I PA), or mixtures of isopropanol and pro- 
pylene, characterized in that the reaction mixture is 
present in completely gas phase and carried out in the 
presence of a catalytic system comprising a beta zeolite 
and at least one inorganic ligand. 

[0002] A particularly preferred aspect of the present w 
invention is to use catalytic compositions comprising the 
beta zeolites described in EP 687,500 and EP 847,802, 
i.e. catalytic compositions consisting of beta zeolite and 
an inorganic ligand characterized by an extra-zeolite 
porosity consisting, for a fraction of at least 25%, of 15 
pores with a radius exceeding 100 A and, in the case of 
EP 847,802, characterized by a total extra-zeolitic 
porosity volume greater than or equal to 0.80 ml/g. 
[0003] The process is characterized by the total 
absence of negative effects on performance and dura- 20 
tion of the catalyst due to the presence of high quanti- 
ties of water in the reaction mixture. 
[0004] The absence of these negative effects is due 
to the catalytic system used which proves to be particu- 
larly suitable for the alkylation of benzene with the 25 
alkylating agent isopropanol or mixtures or isopropanol 
and propylene. 

[0005] The invention also relates to the process for 
preparing phenol in which the first preparation step of 
cumene is effected by the alkylation of benzene accord- 30 
ing to what is specified above. 

[0006] Cumene is an important precursor for the 
production of phenol, which in turn is useful as an inter- 
mediate in the preparation of caprolactam from which 
nylon is produced. 35 
[0007] The complete preparation process of phenol 
comprises the alkylation of benzene to cumene, the oxi- 
dation of cumene to the corresponding hydroperoxide 
which, by acid treatment, generates phenol and ace- 
tone. 40 
[0008] With respect to the first alkylation step, cata- 
lysts based on phosphoric acid and infusorial earth for 
fixed bed reactors or AICI 3 in slurry, are still widely used 
in the petrochemical industry. 

[0009] These processes however create problems 45 
relating to environmental impact and safety: in fact, the 
use of these catalysts is particularly problematical due 
to corrosion, the by-production of toxic organic products 
arid disposal of the exhausted catalysts. 
[0010] In 1965 the preparation of cumene using X so 
zeolite and Y zeolite was described for the first time 
(Minachev, Kr. M., et al, Neftekhimiya 5 (1965) 676). 
The use of zeolites with a faujasitic structure for the 
alkylation of benzene with light olefins, such as propyl- 
ene, was subsequently described by Venuto et al. (J. 55 
Catai.5, (1966)81). 

[0011] Excellent results, in terms of industrial appli- 
cation, have been obtained in the synthesis of cumene 



using zeolites with a beta type structure, as described in 
EP 432,814, and in particular using catalysts compris- 
ing beta zeolite as described in EP 687,500. 
[0012] Once obtained, cumene is transformed into 
5 phenol by means of an oxidation step to cumyl hydroper- 
oxide, followed by an acid treatment step which causes 
breakage of the peroxide bond with the formation of 
phenol and acetone. 

[0013] If, on the one hand, the simultaneous pro- 
duction of phenol and acetone in a single productive 
unit is certainly a positive aspect from an industrial point 
of view, on the other hand the existence of an unbal- 
anced commercial demand for the two products can 
cause problems in running an industrial plant for the 
production of phenol. 

[0014] It should, in fact, be remembered that for 
every Kg of phenol produced from Cumene according to 
the traditional process via propylene, 0.61 Kg of ace- 
tone are also obtained. Considering that one of the 
main uses of acetone is represented by methylmethacr- 
ylate (MMA) whose market demand is decreasing, 
whereas the demand for bisphenol A (BPA), phenolic 
resins and caprolactam, the main uses of phenol, is 
growing, the potential problem deriving from the co-pro- 
duction of acetone in the production process of Phenol 
via Cumene, is understandable. There is consequently 
a great necessity for finding a possible alternative use 
which enables acetone to be conveniently exploited 
when market conditions are not favourable towards 
direct sales. 

[0015] U.S. 5,017,729 describes a process for the 
production of phenol via cumene hydroperoxide charac- 
terized by the use of propylene, in the preparation step 
of cumene, either totally or partially deriving from the 
reduction with hydrogen of acetone (co-produced with 
phenol) and subsequent dehydration of isopropylic alco- 
hol. 

[0016] The high costs of the various steps for re- 
obtaining pure propylene - to be used in the alkylation 
step - starting from the acetone co-produced with phe- 
nol, are evident in this process. 

[001 7] In particular, in the process proposed by Mit- 
sui (PEP Review 95-1-1 1) for the production of propyl- 
ene starting from acetone, it appears that the higher 
investment costs can be attributed to the dehydration 
section of isopropylic alcohol - obtained from acetone in 
the relative reduction section with hydrogen - to propyl- 
ene. 

[0018] It is known, in fact, that the dehydration step 
of I PA to propylene is necessary, for concrete industrial 
application, due to the impossibility of carrying out the 
alkylation of benzene directly with isopropylic alcohol as 
alkylating agent, when acid catalysts' of the conven- 
tional type are used, as a result of the water released 
from I PA during the reaction, which has negative effects 
on the catalyst performance in terms of selectivity and, 
above all, duration of the catalyst itself. 
[0019] Acid catalysts, both of the zeolitic and non- 
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zeolitic type, are in fact negatively influenced by the 
presence of water which is developed when isopropylic 
alcohol is used as alkylating agent of benzene to give 
cumene. In the case of a catalyst of the conventional 
type such as, for example, phosphoric acid supported 5 
on silica, widely used in the industrial synthesis of 
cumene, quantities of water higher than a few hundred 
ppm in the reaction mixture produce a significant chem- 
ical and mechanical disgregation of the catalyst 
together with a considerable lowering of catalytic per- 10 
formances in terms of yield to cumene. 
[0020] In the case of catalysts based on zeolites, 
the negative effect due to the presence of water which 
causes a lowering of the overall yield to cumene, 
together with a more or less rapid deactivation of the 10 
catalyst itself, is known. All these negative effects are 
known and verified also with very low contents of water 
- present in the reaction - with respect to those caused 
by the use of isopropylic alcohol as alkylating agent of 
benzene to give cumene in a process applicable on an 20 
industrial scale. 

[0021] The industrial applicability of an alkylation 
process of benzene with isopropylic alcohol cannot, in 
fact, omit to take into account certain parameters such 
as for example the molar ratio benzene/I PA in the feed- 25 
ing to the reaction section, which generally ranges from 
4 to 8 with a corresponding concentration of water in the 
reaction equal to about 48,000 and 26,000 ppm, assum- 
ing the total conversion of isopropylic alcohol. 
[0022] Even if the alkylation of benzene were car- 30 
ried out with an alkylating agent consisting of a mixture 
of isopropanol and propylene, in any case a considera- 
ble reduction in the quantity of isopropylic alcohol used 
would be required to guarantee a water content which 
could be tolerated by the catalytic system, thus limiting 35 
the potentiality of the process itself. 
[0023] The catalysts used for the alkylation of ben- 
zene with propylene are not always easily adaptable to 
the alkylation reaction of benzene with isopropylic alco- 
hol, or mixtures of isopropylic alcohol and propylene, as 40 
alkylating agent, as these catalysts are generally very 
sensitive to water and consequently their life in the pres- 
ence of water formed by the dehydration of isopropanol, 
is very reduced. 

[0024] The possibility of alkylating benzene with as 
isopropylic alcohol using a beta zeolite as catalyst, in 
gas phase, preferably at atmospheric pressure has also 
been described (K.S.N. Reddy et al. ( Applied Catalysis 
A: General, 95 (1 993) 53-63). Also in this case the dete- 
rioration of the catalyst, also observed with high ben- so 
zene/isopropanol ratios, is evident. 
[0025] in the experimental tests described in the 
above reference, problems relating to the duration of the 
catalyst arise as the experimental tests proceed. 
[0026] U.S. 5,015,786 describes a production proc- 55 
ess of phenol via cumene in which part of the cumene 
derives from the alkylation of benzene, also effected 
with isopropylic alcohol obtained by the reduction of the 



acetone co -produced with phenol, together with 
cumene deriving from the alkylation of benzene with 
propylene. 

[0027] The alkylation step of benzene with I PA is 
carried out in the presence of a catalyst of an acidic 
nature, selected from various materials: zeolites are 
indicated as preferred catalysts. It is interesting to note 
however that, in the above document, there is no infor- 
mation regarding the life of the catalyst and constancy 
of the performances in general due to the fact that the 
test with the longest duration lasts 200 hours (Example 
5, column 15) which correspond, under the conditions 
specified, to a productivity not higher than about 1 00 Kg 
of Cumene/Kg of catalyst. 

[0028] The avoid the problems mentioned above, 
the use of particular zeolites with distinct hydrophobic 
characteristics has been proposed, such as ZSM-5 zeo- 
lite with a high silica/alumina ratio or dealuminated H- 
mordenite and Y zeolite. 

[0029] For example, in U.S. 5,160,497 a dealumi- 
nated Y zeolite is used, with a molar ratio Si0 2 /Al 2 0 3 
ranging from 8 to 70, for the alkylation of benzene with 
propylene and isopropanol. 

[0030] We have now found that it is possible to 
obtain cumene by the alkylation of benzene with I PA, or 
mixtures of I PA and propylene as alkylating agent, by 
means of a process which provides better perform- 
ances and above all catalyst duration, even in the pres- 
ence of large quantities of water, operating under 
pressure and temperature conditions which enable the 
reaction mixture to be present in completely gas phase 
and using a catalyst comprising beta zeolite and at least 
one inorganic ligand. 

[0031] The process according to the present inven- 
tion allows any molar ratio between benzene and iso- 
propylic alcohol to be used in the feeding to the reaction 
section, in a range of concrete industrial applicability, 
and consequently regardless of the total quantity of 
water developed during the reaction. 
[0032] A particularly preferred aspect of the present 
invention is to use catalytic compositions comprising 
beta zeolite already described in EP 687,500 and EP 
847,802, i.e. catalytic compositions consisting of beta 
zeolite and an inorganic ligand characterized by an 
extra-zeolite porosity consisting, for a fraction of at least 
25%, of pores with a radius higher than 100 A and, in 
the case of EP 847,802, also characterized by a total 
extra-zeolitic porosity volume greater than or equal to 
0.80 ml/g. 

[0033] According to a preferred aspect of the 
present invention, the process is carried out at a reac- 
tion temperature ranging from 150°C to 230°C, at a 
reaction pressure ranging from 1 to 20 bars and under 
such conditions, however, as to have the reaction mix- 
ture present in completely gas phase and indifferently 
using isopropanol or mixtures of isopropanol and pro- 
pylene as alkylating agent 

[0034] In the process claimed herein, the molar 
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ratio between benzene and isopropanol preferably var- 
ies from 3 to 10, even more preferably from 4 to 8. 
[0035] When propylene is also additionally used as 
alkylating agent together with isopropanol, the molar 
ratio between benzene and alkylating agent isopropanol 
plus propylene varies from 3 to 1 0, more preferably from 
4 to 8, and the molar ratio between isopropanol and pro- 
pylene varies from 10 to 0.01 and even more preferably 
from 5 to 0. 1 . 

[0036] The alkylation of benzene with isopropanol 
can be carried out in continuous, semi-continuous or 
batchwise. 

[0037] When the process is carried out in continu- 
ous, it is also possible to use a configuration of the reac- 
tion system which comprises the partial recycling of the 
effluent of the reaction section, after cooling and sepa- 
ration of the aqueous phase from the organic phase, to 
the reaction section itself. 

[0038] The alkylation reaction of benzene with IPA 
or mixtures of IPA and propylene as alkylating agent 
remains however exothermal, in spite of the presence of 
IPA, and in order to maintain the temperature within a 
preferred range and reduce the by-production of aro- 
matic polyalkylated products, the catalyst can be distrib- 
uted in the reactor in various layers inside a fixed bed 
reactor. 

[0039] A quench is effected between one layer and 
another with inert solvents and/or part of the benzene 
and/or part of the isopropylic alcohol or mixture of iso- 
propylic alcohol/propylene as alkylating agent. 
[0040] Operating conveniently, high ben- 
zene/alky latin g agent ratios can be obtained on the sin- 
gle layer, without increasing the same overall ratio, 
which is an obvious advantage with respect to the 
selectivity to cumene and consequently the separation 
operations downstream of the reaction section. 
[0041] The temperature control can be effected not 
only by means of quenching the reagents and/or inert 
products, but also by means of inter-cooling between 
the layers. 

[0042] The alkylation reaction can be suitably car- 
ried out in two or more reactors in series, inter-cooled to 
control the temperature. The feeding of the isopropylic 
alcohol, optionally mixed with propylene and/or ben- 
zene, can be suitably divided between the various reac- 
tors and reactor layers, i.e. the alkylating agent and/or 
benzene are added in more than one step. 
[0043] Also included in the scope of the present 
invention is a process for the preparation of phenol com- 
prising the following steps: 

1) alkylation of benzene with isopropylic alcohol, 
and optionally propylene, to give cumene and 
water; 

2) oxidation of the cumene thus obtained; 

3) treatment of cumylhydroperoxide with acids to 
obtain a mixture of phenol and acetone; 

4) hydrogenation of the acetone to isopropanol 



which is recycled to step 1 . 
In particular: 

5 1) the alkylation of benzene with isopropylic alco- 
hol, and optionally propylene, to give cumene and 
water, is carried out in the presence of a catalyst 
based on beta zeolite and, preferably, with a cata- 
lyst prepared according to the procedure described 

10 in EP 687,500 and EP 847,802 under pressure and 
temperature conditions which are such that the 
reaction mixture is present in completely gaseous 
phase; 

2) the cumene deriving from step 1 is oxidized with 
15 air to give cumyl hydroperoxide, which in turn is 

treated with an acid to give a mixture of phenol and 
acetone which is fractionated to separate the phe- 
nol from the acetone; 

3) the acetone obtained in step 2 is partly or totally 
20 hydrogenated to isopropylic alcohol which is recy- 
cled to step 1 . 

[0044] According to a preferred aspect, at the end 
of the first step, after separating by fractionation the 
25 desired product, cumene, which passes to the subse- 
quent oxidation step, the remaining fraction of polyiso- 
propylbenzenes is used in a separate step for a 
transalkylation reaction with benzene to recover addi- 
tional cumene. 

30 [0045] The transalkylation reaction is carried out in 
the presence of beta zeolite or a catalyst based on beta 
zeolite, in particular prepared according to the proce- 
dure described in EP 687,500 and EP 847,802. 
[0046] The temperature conditions for the 

35 transalkylation reaction are selected from 100°C to 
350°C, the pressure is selected from 10 to 50 atm and 
the WHSV ranges from 0.1 h 1 to 200 h 1 . These condi- 
tions are already described in EP 687,500. 
[0047] Consequently, in step (2), the cumene deriv- 

40 ing from step (1 ), and optionally from the transalkylation 
step, is oxidized to cumyl hydroperoxide. The cumyl 
hydroperoxide is then transformed into phenol and ace- 
tone. In the last step, part of or all the acetone obtained 
as by-product in step (2) is hydrogenated to isopropylic 

45 alcohol which is re-fed to the initial step. 

[0048] The hydrogenation reaction of acetone to 
isopropanol is already known and is carried out using 
catalysts based on Nickel Raney, nickel-copper, copper- 
chromium, copper-zinc or based on metals of the plati- 

50 num group for example platinum, palladium, ruthenium, 
rhodium. 

[0049] A catalyst based on Nickel Raney or copper- 
chromium is preferably used. 

[0050] The conditions under which the hydrogena- 
55 tion reaction of acetone takes place are described, 
among others, in U.S. 5,015,786 or U.S. 5,017,729. 
[0051] A remarkable aspect of the processes 
claimed herein and in particular of the alkylation step of 
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benzene with isopropanol or mixtures of propylene and 
isopropanol, is the great flexibility in re-using the ace- 
tone co-produced with phenol, from which isopropylic 
alcohol is obtained by reduction with hydrogen. This 
flexibility is in fact obtained by the use, in our process, of 
the catalyst based on beta zeolite prepared according to 
the procedure described in EP 687,500 and EP- 
847,802, which guarantees the absence of performance 
reduction and rapid deactivation phenomena typical of 
solid acid catalysts due to the presence of water gener- 
ated by the use of isopropylic alcohol as alkylating agent 
of benzene. 

[0052] The purpose of the following examples is to 
illustrate the invention claimed herein, without limiting 
however its scope in any way. 

EXAMPLE 1 

[0053] An alkylation test of benzene is carried out 
with isopropylic alcohol using the experimental device 
described hereunder. 

[0054] The experimental device consists of tanks 
for the benzene and isopropylic alcohol reagents, feed- 
ing pumps of the reagents to the reactor, pre-heating 
unit of the reagents, steel reactor situated inside an 
electric heating oven, regulation loop of the internal 
temperature of the reactor, regulation loop of the inter- 
nal pressure of the reactor, reactor effluent cooler and 
collection system of the liquid and gaseous products. 
[0055] In particular, the reactor consists of a steel 
cylindrical tube with a mechanical sealing system and 
diameter of about 2 cm. 

[0056] A thermometric holder having a diameter of 
1 mm is situated along the major axis of the reactor, 
inside which there is a thermocouple free to run along 
the major axis of the reactor. 

[0057] A catalyst based on beta zeolite, prepared 
according to the procedure described in patent applica- 
tion EP 847,802, is charged into the reactor in a quantity 
corresponding to a height of the catalytic bed equal to 
10 cm. 

[0058] A quantity of inert material is charged on top 
of and below the catalytic bed to complete the bed. 
[0059] The benzene and isopropanol (I PA) rea- 
gents - preheated and premixed in a suitable mixer - are 
fed to the reactor with up flow. 

[0060] The reaction products, liquid and gaseous, 
are analyzed through gaschromatography using the fol- 
lowing equipment: 

(a) Carlo Erba GC 6000 gaschromatograph 
equipped with a MEGA SE54 column having an 
external diameter of 0.53 mm and a length of 25 m, 
FID detector and temperature program; 

(b) HP 6890 gaschromatograph equipped with a 
PONA column having an external diameter of 0.2 
mm and a length of 50 m, FID detector and temper- 
ature program; 



(c) Carlo Erba 4200 gaschromatograph equipped 
with a Poropack-Q filled column having a diameter 
of 4 mm and a length of 2 m, TCD detector and tem- 
perature program. 

5 

[0061 ] The reaction conditions at which the test was 
carried out are as follows: 

Reaction temperature: 
10 190 C C 

Reaction pressure: 
1 bar 
WHSV: 
4h' 1 . 

15 [Benzene]/[IPA] in feeding: 
5.82 moles/moles 

[0062] These conditions ensure that the reaction 
system is in gas phase. 

20 [0063] The attribution of the physical state of the 
reagent mixture is effected both by comparison with the 
existing phase diagrams for the components and mix- 
tures in question, and also by calculation, adopting the 
RKS state equation (Soave G. Chem. Eng. Sci 27. 

25 1 197, (1972)). The interaction parameters for this equa- 
tion are obtained from regression of the experimental 
data in literature relating to liquid-vapor equilibrium and 
mutual solubilities of the hydrocarbon-water mixtures 
(C.C. Li, J.J. McKetta Jul. Chem. Eng. Data 8 271-275 

30 (1963) and C. Tsonopoulos, G.M. Wilson ALCHE Jour- 
nei 29, 990-999, (1983). 

[0064] The reaction system to which the above 
equation is applied resembles, as far as the composi- 
tions are concerned, the system [benzene]/[propylene] 

35 = 5.8 and [benzene]/[ water] = 5.8. 

[0065] The total water concentration present in the 
system, with complete conversion of the isopropylic 
alcohol reagent, is equal to 35,000 ppm. 
[0066] Figure 1 shows the trend of the molar selec- 

40 tivity [Ar]/[IPA] (Cumene + Diisopropylbenzenes +■ Triiso- 
propylbenzenes with respect to the total IPA converted) 
in relation to the productivity of the catalyst expressed in 
Kg cumene/Kg beta zeolite and the trend of the molar 
selectivity [Cum]/[IPA] (Cumene with respect to the total 

45 IPA converted) in relation to the productivity of the cata- 
lyst in Kg cumene/Kg beta zeolite. 

[0067] For the whole duration of the test (about 
1500 hours) there were no signs of deactivation of the 
catalyst such as, for example, a drop in the conversion 

so of the alcohol (not indicated in figure 1 but quantitative 
for the whole duration of the test) or an increase in the 
fraction of polyaikylated products. 
[0068] The selectivities during the whole test, in 
fact, remained unaltered with values equal to about 

55 75.5% for the selectivity [Cum]/[IPA] and about 99.6% 
for the selectivity [Ar]/[IPA]. 

[0069] It should be pointed out that the constancy of 
the two selectivity data is extremely significant as it indi- 
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cates a constant catalytic activity, also with respect to 
the transalkylation reaction of polyalkylated products, 
which, as is known to experts in the field, always takes 
place contemporaneously with the alkylation reaction. 
[0070] The deactivation of the catalyst would, in 
fact, have been observed, even before a drop in the 
conversion of the reagents, by a decrease in the selec- 
tivity [CumJ/[IPA] (also with the same [Ar]/[IPA] selectiv- 
ity) due to a reduction in the catalytic activity in the 
transalkylation reaction of polyalkylated products. 

EXAMPLE 2 



sis A., 95 (1 993) 53-63 K.S.N. Reddy, B.S. Rao and V.P. 
Shiralkar, on page 60, where the following reaction con- 
ditions are used: 

Reaction temperature: 
210°C 

Reaction pressure: 

1 bar 

WHSV: 



w 4h 



[Benzene]/[IPA] in feeding: 
8 moles/moles 



[0071] The same experimental equipment 
described in example 1 is used, under the same exper- 
imental conditions, except for the reaction temperature 
which is raised to 210°C. The catalyst used is the same 
as example 1 . 

[0072] The reaction conditions at which.the test was 
carried out are therefore the following: 

Reaction temperature: 
210°C 

Reaction pressure: 

1 bar 

WHSV: 

4h' 1 

[Benzene]/[IPA] in feeding: 
5.82 moles/moles 

[0073] These conditions ensure that the reaction 
system is in gas phase. 

[0074] The attribution of the physical state of the 
reagent mixture is effected as described in example 1 
obviously taking the different temperature into account. 
[0075] The analysis of the reaction products is also 
carried out as described in example 1 . 
[0076] Figure 2 shows the trend of the molar selec- 
tivity [Ar]/[IPA] and of the molar selectivity [Cum]/[!PAJ in 
relation to the productivity of the catalyst. 
[0077] For the whole duration of the test (about 
1250 hours) there were no signs of deactivation of the 
catalyst such as, for example, a drop in the conversion 
of the alcohol (quantitative for the whole duration of the 
test) or an increase in the fraction of polyalkylated prod- 
ucts. 

[0078] The selectivities during the whole test 
remained unaltered with values equal to about 89.0% 
for the selectivity [Cum]/[IPA] and about 99.4% for the 
selectivity [Ar]/[IPA]. 

[0079] The higher temperature with respect to that 
adopted in the previous example results in a greater 
contribution of the transalkylation reaction of the poly- 
alkylated products to the [Cum]/[IPA] selectivity whose 
value in fact is higher than that obtained in the previous 
example. 

[0080] The results obtained in this example can be 
directly compared to those indicated in Applied Cataly- 
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[0081] These conditions ensure that the reaction 
system is in gas phase. 

[0082] The attribution of the physical state of the 
reagent mixture is effected as described above by intro- 
ducing the data specified in the reference already men- 
tioned which correspond, as far as the compositions are 
concerned, to the system [benzene]/[propylene] = 8 
moles/moles and [benzene]/[ water] = 8 moles/moles. 
[0083] The above reference reaction conditions, 
corresponding to a reaction in gas phase, are therefore 
comparable to those of our test and are less drastic with 
respect to the molar ratio [benzene]/[IPA] in the feeding 
which proves in fact to be equal to 8 against a ratio 
equal to 5.8 in our test. 

[0084] In the above reference test there is a con- 
stant drop in the [Cum]/[lPA] selectivity in relation to the 
time on stream and in general a constant deactivation of 
the catalyst as the test proceeds (Applied Catalysis A., 
95 (1993) 53-63 K.S.N. Reddy, B.S. Rao and V.P. Shi- 
ralkar, on page 60, page 61). 

[0085] The [Cum]/[IPA] selectivity in fact turns from 
about 94% to about 92%, after less than 500 hours of 
reaction corresponding to a productivity equal to about 
350 Kg cumene/Kg beta, obtained with simple calcula- 
tions from the data specified in the reference. 
[0086] From the data of figure 2, it can be seen that 
with analogous productivity values (about 350 Kg 
cumene/Kg beta) there is no drop in the selectivity in the 
test carried out according to our invention, i.e. using the 
catalyst prepared according to the procedure described 
in EP 847,802. 

[0087] The catalyst used according to our invention 
does not show any signs of deactivation unlike the cata- 
lyst used in the above reference, even operating with 
lower molar ratios in the feeding between benzene and 
isopropanol, which certainly represents a more drastic 
condition as far as the deactivation of the catalyst is 
concerned. 

[0088] It is therefore evident that under the condi- 
tions of our invention better results are obtained in 
terms of reduction in the deactivation rate of the cata- 
lyst. 

[0089] In the test effected in the reference cited 
above, there is a higher selectivity to cumene than that 
obtained in our experiment due, as is known to experts 
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in the field, to the higher molar ratio between benzene 
and isopropylic alcohol in the feeding, which favours, as 
is known, a greater selectivity towards monoalkylation 
regardless of the total selectivity to cumene + diisopro- 
pylbenzenes + triisopropylbenzenes (Sel.[Ar.]/[IPA]. s 

Claims 

1 . A process for the alkylation of benzene with isopro- 
panol, or a mixture of isopropanol and propylene, 
under pressure and temperature conditions corre- 
sponding to complete gas phase of the mixture 
present in the reaction section and in the presence 
of a catalyst comprising beta zeolite and an inor- 
ganic ligand. 

2. The process for the alkylation of benzene according 
to the previous claim, wherein the reaction is car- 
ried out in the presence of catalytic compositions 
preferably consisting of beta zeolite and an inor- 
ganic ligand characterized by an extra -zeol it ic 
porosity consisting, for a fraction of at least 25%, of 
pores with a radius higher than 1 00 A, or also by a 
total extrazeolitic porosity volume greater than or 
equal to 0.80 mg/g. 

3. The process for the alkylation of benzene according 
to the previous claim, wherein the reaction is car- 
ried out at a temperature preferably ranging from 
150to230°C. 30 



alkylation of benzene with isopropanol, and 
optionally propylene, 'to give cumene and 
water, 

oxidation of the cumene thus obtained, 
treatment of cumyl hydroperoxide with acids in 
order to obtain a mixture of phenol and ace- 
tone, 

hydro gen ation of acetone to isopropanol 

characterized in that the initial alkylation of benzerie 
is carried out by means of the process according to 
one or more of the claims from 1 to 8. 

10. The process for the alkylation of benzene according 
to claim 1 or 2, wherein part of the organic phase of 
the reaction effluent is re-fed to the reaction section 
itself, after cooling and separation of the organic 
phase from the aqueous phase in the reaction efflu- 
ent. 

1 1 . The process for the alkylation of benzene according 
to claims 1 or 2 or 10, wherein the polyalkylated 
products present in the effluent of the reaction sec- 
tion are separated in a specific fractionation section 
and sent to a transalkylation section with benzene. 



15 



20 



4. The process for the alkylation of benzene according 
to claim 2, wherein the reaction is carried out at a 
pressure preferably ranging from 1 to 20 bars. 

35 

5. The process tor the alkylation of benzene according 
to one of the claims 1 or 2 wherein the reaction is 
carried out at a molar ratio between benzene and 
alkylating agent ranging from 3 to 10. 

40 

6. The process for the alkylation of benzene according 
to the previous claim, wherein the reaction is car- 
ried out at a molar ratio between benzene and 
alkylating agent preferably ranging from 4 to 8. 

45 

7. The process for the alkylation of benzene according 
to one of claims 5 or 6, wherein, if the alkylating 
mixture consists of isopropanol and propylene, the 
reaction is carried out at a molar ratio between iso- 
propanol and propylene ranging from 1 0 to 0.01 . so 

8. The process for the alkylation of benzene according 
to the previous claim, wherein the reaction is car- 
ried out at a molar ratio between isopropanol and 
propylene preferably ranging from 5 to 0. 1 . 55 

9. A process for the preparation of phenol via cumene 
comprising the following steps: 
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